Reaction of in situ generated lithium phosphides with 0.5 eq. Cu(I) is employed as a means of targeting lithium phosphidocuprates of either Gilman-or Lipshutz-type formulation -e.g., (R 2 P) 2 CuLi·n(LiX) (n = 0, 1). For R = Ph, X = CN in toluene followed by thf or R = Ph, X = I in Cy 2 PLi (Cy = cyclohexyl) has been reacted with CuCN in thf/toluene to yield Gilman-type lithium bis(phosphido)cuprate (Cy 2 P) 2 CuLi·2thf 3 by the exclusion of in situ generated LiCN. A polymer is noted in the solid state.
Introduction
The deployment of bimetallic bases that combine enhanced 20 deprotonative activity with superior ancillary group tolerance and in which the two metals interact such as to modulate the reactivity of one another has been documented. 1 This research, typically into new and more highly controllable methods for the achievement of directed arene elaboration, has led to the 25 development of highly effective heterometallic organyl (R) amido (e.g., tmp = 2,2,6,6-tetramethylpiperidido) bases. Specifically, it has proved possible to modulate the reactivities of bimetallic bases by manipulating the synergic relationship between the two metals and the kinetic control offered by the active amide ligand. 30 Such reagents include bases of the type R n M(-tmp)M´ (n = 2, M = Zn, 2 Mn, 3 M´ = Li, Na; n = 3, M = Al, 4 M´ = Li). Most recently, these studies have been extended to the development of new lithium organocuprate compounds of the type that, since their inception by Gilman 5 and more recent development by 35 Power, 6 have been employed very successfully to enable new avenues in organic and organometallic chemistry. 7 Two types of structure are pervasive in bis(organo)cuprate chemistry; 8 so-called Gilman-type and Lipshutz-type species. The bis(organo)cuprate unit in each such system is based on an 40 essentially linear [R-Cu-R] -ion. Gilman-type species are already known that exhibit homo-dimeric structures, with the corresponding bis(alkyl)- 9 and bis(aryl) systems 10 having been reported. However, heteroleptic Gilman-type cuprates have also been seen for organo(amido) ligand combinations (Scheme 1).
11 45 Hence, recent advances in our understanding of the structural chemistry of lithium aryl(amido)cuprates has come from the work of Davies, with a monomer and head-to-tail dimer noted for MesCu[-N(CH 2 Ph)Et]Li·3thf 12 and MesCu[-N(CH 2 Ph) 2 ]Li (Mes = mesityl), 13 respectively. The tris(thf) solvate of PhCu(-50 tmp)Li has been shown to be an exact analogue of the first of these systems, while the same monomeric motif has also been reported recently for the tmeda solvated alkyl(amido)cuprate MeCu(-tmp)Li·tmeda (tmeda = N,N,N´,N´-tetramethylethylenediamine). 14 In the context of bis(amido)cuprates, Fenske has 55 reported that the solid-state structure of heteroleptic MesNHCu(-NHPh)Li·dme (dme = dimethoxyethane) dimerises by forming an octameric (NCuNLi) 2 ring.
15
Whilst work on Gilman-type cuprates has been ongoing, studies have also focused on developing a better 60 Scheme 1: Structure-types previously recorded for lithium organo(amido)-and bis(amido)cuprates; a) Am = N(CH2Ph)Et, R = Mes, n = 3, S = thf;
12 Am = tmp, R = Ph, n = 3, S = thf; 14 Am = tmp, understanding of the structural modification necessary to potentially enhance reactivity 16 by incorporating a lithium salt (LiX) and so form a Lipshutz-type structure (Scheme 1).
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For X = [NPh 2 ] -a hexanuclear metallocyclic core is noted in the monomeric solid-state structure of (Ph 2 N) 3 Cu(Li·OEt 2 ) 2 . 15 5 More recently, Lipshutz-type cuprates bearing sterically demanding amide ligands have been shown to exhibit high levels of reactivity in the selective directed ortho cupration (DoC) of aromatic rings. 18 The isolation and characterization of such bases has revealed dimeric aggregation based on the 10 formulation (tmp) 2 CuXLi 2 ·thf (X = CN, I) 18, 19 with the structure i) revealing a core based on a (LiX) 2 metallocycle and, ii) reinforcing the view, first proposed by Bertz 20 25 studies into DoC using amidocuprates. First, the thermal stability of organo(amido)-and (to a lesser extent) bis(amido)cuprates represents a potential limiting factor insofar as the general applicability of these reagents is concerned. Secondly, whilst theory has been used in an 30 attempt to understand the reactivity of lithiocuprates, 24 our mechanistic understanding of the activity of such systems in DoC would be enhanced if the base incorporated a spectroscopically active component. In the present study, we therefore present initial efforts aimed at fabricating both 35 Gilman-and Lipshutz-type lithium phosphidocuprates that promise both enhanced thermal stability and the opportunity to deploy 31 P NMR spectroscopy as a means of monitoring deprotonative activity.
Thus, treatment of the lithium bis(organyl)phosphides R 2 PLi (R = Ph, Cy; Cy = cyclohexyl) 40 with a Cu(I) salt has been found to yield both cyano(phosphido)-and bis(phosphido)cuprate moieties. In the latter case, the homoleptic Gilman-type cuprate (Cy 2 P) 2 CuLi is successfully obtained.
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Experimental details
Reagents and materials
Reactions and manipulations were carried out under dry N 2 , using standard double manifold and glove-box techniques. Solvents were distilled off sodium (toluene) or sodium-50 potassium amalgam (thf) immediately prior to use. Phosphine reagents were stored under an inert atmosphere at +5°C. The base Bu n Li (1.6 M in hexanes) was purchased from Aldrich and used as received.
55
Synthesis
Synthesis and characterization of [(Ph 2 P) 6 Cu 4 ][Li·4thf] 2 1: a) Bu n Li (1.25 ml, 1.6 M in hexanes, 2 mmol) was added dropwise to a solution of diphenylphosphine (0.36 ml, 2 mmol) in dry toluene (3 ml) under N 2 at -78°C. The resulting solution of 60 lithium bis(phenyl)phosphide was allowed to reach room temperature whereupon it was added to a suspension of copper cyanide (0.089 g, 1 mmol) in dry toluene (3 ml) under N 2 at -78°C. The resulting orange slurry was allowed to reach room temperature whereupon it was filtered. The solvent was removed 65 in vacuo and replaced with dry thf (10 ml) to yield a bright orange solution from which [(Ph 2 P) 6 Synthesis and characterization of Ph 2 PCu(CN)Li·2thf 2: Bu n Li (1.25 ml, 1.6 M in hexanes, 2 mmol) was added dropwise to a solution of diphenylphosphine (0.36 ml, 2 mmol) in dry thf (3 ml) under N 2 90 at -78°C. The resulting solution of lithium bis(phenyl)phosphide was allowed to reach room temperature. It was then added to a suspension of copper cyanide (0.089 g, 1 mmol) in dry thf (2 ml) under N 2 at -78°C. The mixture was left to reach temperature whereupon a dark orange slurry was obtained. dropwise to a solution of dicyclohexylphosphine (0.4 ml, 2 mmol) in dry thf (3 ml) under N 2 at -78°C. The resulting solution of lithium bis(cyclohexyl)phosphide was allowed to reach room temperature whereupon it was added to a suspension of copper cyanide (0.089 g, 1 mmol) in dry thf (2 ml) under N 2 at -78°C. The resulting mixture was left to reach temperature whereupon it was allowed to stir for 10 minutes. The solvent was removed in vacuo and replaced with dry toluene (6 ml) and dry 5 thf (6 ml) to yield a pale yellow solution from which 3 deposited after storage at -30°C for 24 hr. Yield 88 mg (15% wrt CuCN); m.p. 151-153°C; elemental analysis calcd (%) for C 32 via the 1:1 treatment of R 2 PH with Bu n Li, followed by the introduction of a Cu(I) salt (Scheme 2). Accordingly, for R = Ph, Ph 2 PLi was generated in hydrocarbon solvent. The combination of this with 0.5 eq. CuCN was intended to yield a simple lithium bis(phosphido)cuprate of either Gilman-or 75 Lipshutz-type formulation -(Ph 2 P) 2 CuLi·n(LiCN) (n = 0, 1). In the event, concentration of the reaction mixture followed by treatment with thf yielded a single isolable product in low yield. This was analyzed by single crystal X-ray diffraction and found to be [(Ph 2 P) 6 trace Ph 2 PH (a view reinforced by 1 H NMR spectrocscopy). The crystal structure of 1 reveals a remarkable ion separate structure. Two tetra(thf)-solvated lithium ions balance the charge on [(Ph 2 P) 6 (Phos = 1-phenyl-2,5-bis(2-pyridyl)phosphole) was reported to incorporate a distorted adamantyl core. 29 Closer to the structure of 1, [(Ph 2 P) 10 Cd 4 ] 2-has been characterized 30 and, in 5 comparing the two inorganic dianions, it is noteworthy that the previously reported somewhat variable geometry at Cd ((-P)-Cd-(-P) 99.11 (8) X-ray diffraction reveals a polymeric structure in the solidstate, based on the aggregation of two crystallographically independent monomers (of which one representative monomer 75 will be discussed in detail). In contrast to the 31 P NMR spectroscopic observation of just one phosphorus environment in 3, each monomeric unit reveals two chemically different phosphorus centres (P1, P2 in Fig. 4) . However, the crystal structure also demonstrates that, within standard deviations, 80 both bonds between any given Li centre (or Cu centre) and its two adjacent P centres are equivalent, arguing against the possibility of inequivalent phosphorus environments in aggregated structures. As expected for a Gilman-type cuprate, Cu1 is, at 176.11(3)°, near linear. In contrast to recent work 85 with bis(amido)cuprates, the relatively soft phosphide ligands do not retain the in situ generated LiCN moiety (Scheme 4). Instead, this is abstracted by solvent 14 and the resulting crystals demonstrate a Gilman-type formulation. This is something seen only in the heteroleptic chemistry of lithium 90 amidocuprates in which one of the Cu-bonded ligands was unfunctionalized. 14 The bis(phosphide) formulation of 3 explains its ability to polymerize in the solid state. While Gilman-type homoleptic bis(organyl)-9,10 and heteroleptic organyl(amido)cuprates 11 13 though the presence of Lewis base has been shown to result in monomer formation. 12, 14 In 100 contrast to the study of homo-and heteroleptic cuprates bearing organyl and/or amido ligands, that of phosphidocuprate chemistry is at a significantly less advanced stage, with the structure of (Bu t 2 P) 2 CuLi·2thf representing the only reported structure analogous to 3. 32 However, the 105 synthetic methodology used to achieve the bis(tert-butyl) complex is at variance with that employed here. Hence, whereas it was formerly reported that Bu t 2 PLi could only be rendered active towards Cu(I) by the addition of Bu t 2 PSiMe 3 , which was found to undergo efficient desilylation, the same is not true in the present case. Instead, in extending the recent synthesis of lithium amidocuprates the present work shows 5 that the 1:2 treatment of CuCN with R 2 PLi offers a potentially general route to lithium phosphidocuprates.
Conclusions
In summary, preliminary steps have been taken in the systematic syntheses of lithium phosphidocuprate substrates 10 for DoC. Reaction of in situ generated Ph 2 PLi with 0.5 eq. of either CuCN or CuI in the presence of toluene results in incomplete conversion of the lithium phosphide, reproducibly giving the unusual ion separate [(Ph 2 P) 6 3-nodes. Each exocyclic CN ligand interacts with a bis(thf) solvated alkali metal cation to create the linkers that hold the resulting puckered 2D sheets together. Lastly, the treatment of Cy 2 PLi with 0.5 eq. CuCN in thf establishes a new route to type lithium phosphidocuprates. In contrast to the structuretypes previously reported for lithium amidocuprates, the structure of (Cy 2 P) 2 CuLi reveals a polymeric motif, with phosphide ligands acting not only to bridge between metals within the monomeric unit, but also to incur polymer 30 formation to the exclusion of LiCN and Lipshutz-type cuprate formation.
Further work will seek to investigate the generality with which Gilman-type analogues of 3 can be prepared using a variety of phosphine substrates. The propensity for the 35 inclusion of LiCN in both the solid-and solution states will also be investigated -as will the possibility of interaction of lithium phosphide with Ph 2 PCu(CN)Li (cf. 2) in solution. This last field suggests the possibility of i) spectroscopically probing the reaction mixture that yields 2 for evidence of 40 Lipshutz-type species in solution but also, ii) combining preisolated 2 with R 2 PLi (R  Ph) as a potentially convenient route to heteroleptic bis(phosphido)cuprates.
Thereafter, selected DoC reactions will be attempted using 2 + R 2 PLi and 3 (+ LiCN) and analogues thereof. Table of contents entry 
